4 Supersymmetry More or Less

4.1 More: Extended Supersymmetry
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massless N/ = 2 vector multiplet is built from N = 1 vector and chiral

multiplets
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4.2 N =1 SUSY: Superspace

Superspace is a clever notational device for working with N' = 1 SUSY
theories. One should note that it is not intrinsic to SUSY since it does
not work for N’ > 1 or in different numbers of dimensions. Since is just a
notational device it gives us no new information, but since many people use
it we need to be able to understand what their notation.

Introduce anticommuting (Grassmann) spinor “coordinates”: 6, 63;.
Recall that for a single Grassmann variable we have:
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Define a new superspace “coordinate”
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Then we can assemble the fields of a chiral supermultiplet into a chiral
superfield:
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Now we can rewrite SUSY Lagrangians in superspace notation. Con-
sider:
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Now consider the superpotential as a function of the chiral superfield:
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4.3 Less: N =0 SUSY

SUSY guarantees the cancellation of quadratic divergences for scalar masses
since they are put in supermultiplets with fermions. Chiral symmetries
admit at most logarithmic divergences for fermion masses since the physical

mass must vanish as the bare mass approaches 0.
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However SUSY must be broken in the real world. There are lots of ways to
do this: e.g. W = E%p, gives V = W W* = E*E* # 0 which breaks SUSY.
As long as the relationships between dimensionless couplings are maintained,
quadratic divergences will still cancel. i.e. we don’t want
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We want to parametrize our ignorance about SUSY breaking while main-
taining good high-energy behavior, that is we want an effective theory of
spontaneously broken SUSY with only soft breaking (dim < 4) terms.
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Adding a fermion mass is redundant, since it can be absorbed into a
redefined superpotential. The ¢/ * term may introduce quadratic divergences
if there is a gauge singlet multiplet in the model.
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Figure 1: Additional soft SUSY breaking interactions: gaugino mass M),
non-holomorphic mass m?, holomorphic mass b*, holomorphic trilinear cou-
pling a”*, non-holomorphic trilinear coupling cl k, and tadpole e'.



